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The title of the invention has been amended (Guidelines for Examination in the EPQ, A-lll, 7.3).

@ Threaded coupling for well casings.

@ Improved make-up, better seal higher resistance to
overtorque and a reduction of the stress level (and, therefore,
better stress corrosion cracking performance) are all obtained
in the sleeve couplings of deep-well casings by the introduction
of certain design improvements, such as (i), a profiled seat in
the box member that matches the tube pin nose profile, and (ii)
a new thread contour design that meets specific dimensional

tolerances.
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Description
IMPROVED COUPLING FOR WELL CASINGS

The present invention relates to an improved coupling for deepwell casings; more precisely is relates to a
type of coupling suitable for both oil and geothermal wells.

To ensure the practicability of a deep well in time, the well is lined with a casing, consisting in lengths of
special steel tubing screwed together and lowered into the borehole in stages during drilling.

The casing lengths are connected to each other either by forming threads on the inside of the one tube
(female thread) and on the outside of the other tube (male thread) and then screwing the two tubes together
(integral coupling) or by means of an internally threaded coupling member which fits over the externally
threaded ends of the two tubes (sleeve coupling).

Drilling experts are only too aware of the problems to which couplings can give rise (whatever type is
adopted) both during drilling and during subsequent operation of the well. It should be remembered that these
problems are not limited to the difficulties associated with bucking-on and making-up the coupling correctly,
but also relate to other important aspects such as the leak resistance of the joint, the effects of overtorque and
the possibility of damage consequent to stress corrosion cracking. Such problems are further intensified by
the fact that when said problems become apparent the casing has already been installed in the borehole and
the defective coupling may be at several thousand meters of depth in the well.

It is not surprising, therefore, that considerable efforts have been made (and continue to be made) to solve
these problems and to improve connection design. Even so, it is still difficult to find a threaded coupling which
eliminates, if not all, at least the most important of these problems.

For example, leak resistance problems have been mastered by adopting elastic seal rings and bucking-on
facilitated by increasing the taper, or flare, of the threaded ends. Make-up, too, has been improved by reducing
the number of threads per inch in step with the increase in casing diameter, adopting the standard hardward
practice in accordance with which nuts and bolts of large diameter have a coarser pitch/diameter ratio than
those of small diameter.

However, all these efforts have not as yet been coordinated and, as a result, a threaded coupling is still not
available which is easy to install, provides maximum seal also in the presence of high internal/external
pressure differentials, reduces the risks of overtorque damage and has a state of stress after make-up that is
not higher than that prevalent in the casing wall.

It is an object of the present invention, therefore, to provide a sleeve coupling for wells casings, even of large
diameter, which is easy to buck-on and which can be made-up easily and correctly under rig running
conditions of considerable severity.

Another object of this invention is to provide a coupling which gives excellent guarantees of seal and which
has a leak resistance that intensifies as the difference between the internal and external pressure increases.

Still another object of this invention is to provide a coupling design that minimizes the risk of damage to pin
and box members or to the seal in the event of faulty or unskillful make-up under rig running conditions.

A further object of this invention is to prevent mechanical damage to the couplings as a result of overtorque.

Another object of this invention is to prevent the state of stress in the coupling from rising, during service,
above the level of the stress situation in the casing.

A further additional object of this invention is to.reduce drastically the risk of damage to the coupling as a
result of stress corrosion cracking.

These, and other, objects and advantages are obtained by means of a special connection design, the
essential features of which are described briefly below.

According fo the present invention, in a joint for casing tubes, in which each end of each of said tubes
constitute the male-threaded tapered part of a joint, while the female part of said joint is a hollow sleeve
internally threaded at both ends, and in which said hollow sleeve is further provided beyond the inner ends of
its threaded portions with a protruding abutting seat for the terminal threaded parts of the tubes, an
improvement is introduced characterized in that said protruding abutting seat, having an inner diameter similar
to the inner diameter of said tubes, is provided with conically shaped surfaces, backwards slanted with respect
to the internal cylindrical surface of the sleeve, said surfaces cooperating with similar surfaces at said terminal
threaded parts of the tubes, to form a perfect seal when said surfaces mate, while the crest of the female
thread on said hollow sleeve adheres perfectly to the root of the male thread on the tube, which crest is spaced
from the root of the female thread on said hollow sleeve.

In addition, on both threads,the forward faces that draw the male into the female thread are slanted
backwards and form an angle of 0 -+ 3 degrees with respect to a line perpendicular to the axis of the joint. The
back faces, instead, are slanted forwards and form an angle of 23428 degrees with respect to a line
perpendicular to the axis of the joint; the back faces do not come into contact with each other and clearance of
0.04+0.08 mm is maintained between them, equal to the clearance between the crest of the male thread on
the tube and the root of the female thread on the hollow cylinder. With regard to the conically shaped surfaces
on the seat, and to the corresponding surfaces at terminal parts of the tubes, both surfaces form an angle of
2+5 degrees with respect to a line perpendicular to the axis of the joint.

The present invention will now be described in fuller detail and with reference to the realization shown
(purely as an example) in the plate attached to this Complete Specification, where;
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- Figure 1 gives a side view, with partial cross-section, of the coupling under this invention;
- Figure 2 gives a scaled-up detail of the drawing in Figure 1, showing the principal characteristics of the
present invention. S

The terminal part (11) of the tube (10) is threaded with a buttress thread profile (12). A similar buttress
thread profile (23) is formed on the inner flared end (21) of the sleeve (20). For obvious reasans of symmetry,
only the left-hand end of the sleeve is shown in the drawing.

The sleeve (20) presents, at the inner end of the buttress thread (23) a seat (22) protruding towards the axis
of the joint; the terminal part (11) of the tube (10) terminates with a faying surface (13) that abuts on the seat.
Both seat (22) and faying surface (13) are slanted backwards to form an angle y of 2+ 5 degrees with respect
to a plane perpendicular to the axis of the joint.

As shown in Figure 2, the thread helix on the terminal part (11) is slightly less high than the thread helix on
the flared end (21) of the sleeve; consequently, the crest of the thread on the sleeve touches the root of the
thread on the tube, while the crest of the thread on the tube does not touch the root of the thread on the
sleeve.

In Figure 2, for reasons of greater clarity, the principal characteristics of the invention have been scaled-up
in slightly magnified proportions with respect to the rest of the drawing; in this way it can been seen that,
during make-up of the joint, the forward faces (15) and (26) of the two thread helices are in direct contact while
the back faces (14) and (25) do not touch.

The clearance between faces (14) and (25) is preferably equal to the clearance between the crest (16) of the
thread on the tube and the root (27) of the thread on the sleeve.

In addition, the flank angle a of faces (15) and (26) is set to a value between 0 and 3 degrees, while the flank
angle B of faces (14) and (25) is set to a value between 23 and 28 degrees.

The profile and dimensional features of the threads permit a far easier and more rapid make-up, while the
clearance between the back faces of the helices ensures correct thread engagement upon completion of
make-up. Moreover, the seat makes it possible™to obtain the following additional advantages:

- completion of make-up is sensed immediately, since the torque then rises steeply and abruptly;

- coupling is made-up to desired tightness without the risk of overtorques which would strain the mating
surfaces to an unacceptable degree and give rise to a dangerous uncontrolled increase of the tangential
stresses in both sleeve and terminal part of tubes; ‘ '

- internal stress levels are distributed according to patterns that leave the intermediate and external superficial
layers of the coupling elements substantially unaffected, thereby making the joint extremely suitable for use in
those operating situations where environmental conditions involve stress carrosion cracking risks.

An interesting additional advantage of the coupling design under this invention is given by the conical shape
of the seat (22) and faying surface (13) and by the.lay of their interface with respect to the axis of the joint.
When a coupling is made-up and the two surfaces come into contact, they form a very tight seal {(in addition to
signalling make-up completion), since they adhere perfectly to each other and their mutual adhesion is
unaffected by eventual variations of internal or external pressure. o

The test characteristics of the joint under this invention have been listed in the table on page 7 (purely as an
illustrative example and in no way limitative of the scope and purposes of the present invention) and refer to
joints made of API-N80 grade steel. The table gives the loadings adopeted and the results obtained for each of
the different tests carried out on the prototype couplings. '

The following final make-up torques (T) were adopted for the tests:

Tmin = 8130 Ne m  Toptimal = 10170 N e m
Tmax = 12200 N e m  Toveriorque = 1.25 ¢ Tmax

The meaning of the symbols in the table is as follows:
= YSmin = minimum yield strength of N 80 steel;
- USTmin = minimum admissible uliimate strength;
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- Pmin = minimum internal pressure at which tube reaches yield point;

he tube, measured in degrees
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for a length of 100 feet.

It is worth noting that, although the values listed are in each case the most unfavorable result obtained in a
series of ten tests, the stress level in the joint remains invariably below the safety threshold and is almost
always lower than the stress level in the tube, especially for loadings equal to 80% of the minimum yield
strength which corresponds to the normal working loads for these materials.

Claims

1. In a joint for casing tubes, in which each end of each of said tubes constitute the male-threaded
tapered part of a joint, while the female part of said joint is a hollow sleeve internally threaded at both
ends, and in which said hollow sleeve is further provided beyond the inner ends of its threaded portions
with a protruding abutting seat for the terminal threaded parts of the tubes, an improvement is introduced
characterized in that said protruding abutting seat, having an inner diameter similar to the inner diameter
of said tubes, is provided with conically shaped surfaces, backwards slanted with respect to the internal
cylindrical surface of the sleeve, said surfaces cooperating with similar surfaces at said terminal threaded
parts of the tubes, to form a perfect seal when said surfaces mate, while the crest of the female thread on
said hollow sleeve adheres perfectly to the root of the male thread on the tube, which crest is spaced from
the root of the female thread on said hollow slesve.

2. Improved casing joint as under Claim 1, characterized by the fact that the surfaces of the seat on the
hollow sleeve and the faying surfaces on the tube terminal parts form an angle of 2+5 degrees with
respect to a transversal plane perpendicular to the axis of the joint.

3. Improved casing joint as under Claim 1, further characterized by the fact that the forward faces
drawing the male into the female thread are &lanted backwards and form an angle of 0+ 3 degrees with
respect to a transversal plane perpendicular to the axis of the joint, while the back faces are slanted
forwards and form an angle of 23+ 28 degrees with respect to a transversal plane perpendicular to the
axis of the joint. .

4. Improved casing joint as under Claim 1, characterized by the fact that the crest of the female thread
on the sleeve adheres perfectly to the root of the male thread on the tube, while the crest of the male
thread on the tube does not come into contact with the root of the female thread on the sleeve and a
clearance of 0.04+0.08 mm is maintained between them, equal to the clearance between the back faces
of the two thread helices. ‘
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